The relatively low level of sustainability of major public projects has been subject to criticism by the community, increasing the pressure to incorporate the concept throughout the project lifecycle and the importance of understanding the perceptions of affected groups. The study undertook this task by compiling a list from the literature of the sustainability concerns that are associated with major public projects from their economic-social-environmental implications, identifying the relevant stakeholder groups in the Guangdong-Hong Kong-Macao Greater Bay Area and their levels of influence by interviews, and evaluating various sustainability objectives from a multi-stakeholder perspective via a questionnaire survey. The results were validated through a series of interviews with purposively selected experts. The study findings indicate the need for more consideration of social concerns in Guangdong province, the proper levels of public participation in Hong Kong in order to avoid excessive interruptions to the pace of project procurement, and that Macao may have to experience a relatively slow development of construction in order to balance the social/environmental requirements that are involved. These findings contribute to both the government and construction industry at large in delivering economically, socially, and environmentally sustainable major public projects in the Bay Area and China as a whole.
Introduction
China is experiencing the rapid development of major public projects throughout the country, and the Guangdong-Hong Kong-Macao Greater Bay Area is no exception [1] . As a national strategy of China, the development of the Guangdong-Hong Kong-Macao Greater Bay Area emphasizes the cooperation between the three regions in various respects, such as the delivery of major public projects [2] . Projects of this type are constructed with an area of more than 20,000 m 2 and for office, Based on the defined three major categories of construction sustainability (i.e., social, environmental, and economic aspects), a further 18 sustainability objectives of major public projects were identified through a global literature review and content analysis, by counting the number of times an item occurred. A similar technique was used by most of the selected literature for determining project sustainability factors. These were accordingly classified into the above three categories, as detailed in Table 1 .
Review of Methodology in Defining and Evaluating Sustainability Objectives for Major Public Projects
A multiple-phase methodology covering a literature review, interview, and/or questionnaire survey has been adopted in several existing studies that focused on defining and evaluating the sustainability indicator system for major public projects. For example, Diaz-Sarachaga et al. [14] developed a Sustainable Infrastructure Rating System by firstly defining the importance of sustainability indicators by collecting experts' feedback. The rating system was then weighted adopting Analytical Hierarchy Process (AHP) and the Integrated Value Model for Sustainable Assessment [14] . The same three pillars of sustainability (i.e., social, environmental, and economic factors) were targeted by Yu et al. (2018) in developing the Construction Project Sustainability Assessing System [15] . Yu et al. adopted a questionnaire survey approach [15] to evaluate the suitability of these pre-established sustainability indicators. Hong and Lacouture compared a key performance indicator system between different countries [16] by involving the Delphi approach. Hatefi and Tamošaitiene performed a literature review, questionnaire survey, and assessment of sustainability criteria [11] for construction and infrastructure projects.
Sustainability of Major Public Projects in the Chinese Context
A few existing studies can be found that target developing the sustainability assessment system for China's public or infrastructure projects. For example, Shen et al. [17] initiated the key assessment indicators (KAIs) for assessing the sustainability performance of infrastructure projects in China. Adopting a questionnaire survey approach by recruiting experts from government officials, industry professionals, and clients, the study of Shen et al. [17] served as one of the initial sustainability assessment systems in the Chinese context. The comparative study of sustainability for infrastructure projects performed by Hong and Lacouture [16] indicated that China's sustainability indicator for infrastructure projects differed from that of United States, specifically in terms of special indicators of highway systems. Liu et al. [18] concluded that there had been growing interests for sustainability in new transport infrastructure projects in China. However, so far, there has still been limited development of a unified sustainability assessment system in the Chinese context. This might be due to the different social, political, cultural and environmental backgrounds of mainland China and Hong Kong/Macao (even in mainland China, the contexts could be different with regard to various provinces/cities). Regarding the project type, Li et al. [5] believed that mainland China put more emphasis on the delivery of transportation infrastructure, while office/commercial buildings dominate Hong Kong/Macao's industry. On the other hand, cities in mainland China e.g., Nanjing, focused on education public project as compared with Shenzhen, where science buildings are the mainstream [5] .
In the Guangdong-Hong Kong-Macao Greater Bay Area, a typical project of this type (perhaps the most controversial one) is the Guangzhou-Shenzhen-Hong Kong express rail link project (Hong Kong section), which has generated much debate among different groups over issues of family values, environmental impact, cost-effectiveness, and value for money [7] . These include the affected residents, the younger generation born after the 1980s (referred to as the after-80s), politicians, regulators, and professionals. This again indicates the importance of understanding the sustainability objectives of various stakeholder groups during the project lifecycle. 
Research Design

Research Process
The study was conducted in four phases, as illustrated in Figure 1 . The first phase involved reviewing the global literature to compile a list of the sustainability objectives of major public projects. For the next phase, a series of semi-structured interviews were organized to (i) confirm the suitability and practicality of various sustainable concerns (as identified in Phase 1) in the Chinese context; (ii) identify the project stakeholder groups involved; and (iii) analyze the impact level of each group quantitatively. In Phase 3, a questionnaire survey was carried out, and different sustainability objectives were evaluated from a multi-stakeholder perspective. The results were then validated in the final phase by purposively selected experts.
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Research Methods
A combination of construction management research methods was adopted, including a literature review, interviews, and a questionnaire survey. As a summary of the literature review is reported in the previous section, the following focuses on the latter two.
Interviews
Interviews were carried out in each of phases 2 and 4 to achieve different research objectives (as detailed in Figure 1 ). In Phase 2, these involved 26 purposively chosen experts with a minimum of five years' working/research experience in public project delivery from government departments and groups of owners/contractors/designers/non-governmental organizations (NGOs)/academics ( Table  2 ) [30] . The rest (the end-user group) had been frequent users of some certain public projects in mainland China, Hong Kong, or Macao. To ensure the representativeness and reliability of their comments necessitates a careful selection of the cases covering different types of public projects in 
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Interviews
Interviews were carried out in each of phases 2 and 4 to achieve different research objectives (as detailed in Figure 1 ). In Phase 2, these involved 26 purposively chosen experts with a minimum of five years' working/research experience in public project delivery from government departments and groups of owners/contractors/designers/non-governmental organizations (NGOs)/academics (Table 2) [30] . The rest (the end-user group) had been frequent users of some certain public projects in mainland China, Hong Kong, or Macao. To ensure the representativeness and reliability of their comments necessitates a careful selection of the cases covering different types of public projects in the three regions i.e., two office buildings in Shenzhen and Hong Kong respectively, two commercial buildings in Hong Kong and Macao respectively, one tourism building in Guangzhou, two education and culture buildings in Guangzhou and Hong Kong, respectively, and one transportation project in Macao. The major stakeholder groups of public projects were first identified during this phase (through qualitative questions). To achieve the envisaged research aim, their impact levels were then assessed on a five-point Likert scale from 1 (very low) to 5 (very high) and based on their possibility of influence (P) and degree (D) in Guangdong province, Hong Kong, and Macao. This is in line with Olander's study [31] , in which stakeholder influence was analyzed in the context of construction project management. The quantitative process later gained popularity, as evidenced in the research of Li et al. [5] . As required by the interviewees to preserve anonymity, their positions and organizations were not linked to their evaluations.
The comprehensive impact level (CIL) of each stakeholder group (i) during public project delivery was obtained from:
The weighting (W) of stakeholder group i in evaluating project sustainability indicators is given by:
Equivalent formulae apply to the other stakeholder groups. Phase 4 involved a series in interviews, with 25 different participants (based on the same selection criteria as used in Phase 2) constituting the validation panel (Table 2) , who were invited to comment on the research results obtained from the previous phases. The interviews were conducted individually, and each lasted for around one hour and a half. To facilitate and expedite the interview process, all of the interviewees were sent a package of information in advance, which included the purpose of the interview, some background information, instructions for the exercise, and a brief description of the findings so far.
Questionnaire Survey
A questionnaire survey was conducted in Phase 3, soliciting comments from the various stakeholder groups. Before that, a pilot study involving 16 experts from eight different stakeholder groups was organized. This resulted in some changes to the original version of the questionnaire, such as the replacement of the previous five-point Likert scale by the current seven-point Likert scale in order to improve the degree of accuracy. A purposive sampling approach was used later on for the formal survey, with potential respondents being required to have at least two years' working experience in public project construction in Guangdong province/Hong Kong/Macao, or have been users of public projects in the region. A total of 177 valid responses were obtained; the response rates for each stakeholder group are summarized in Table 3 . The respondents evaluated the identified sustainability objectives according to a seven-point Likert scale from one (least important) to seven (most important).
The initial mean value (IMV) regarding the evaluation of each stakeholder group of each sustainability factor was calculated [17] and then adjusted by the weighting (W) of each stakeholder group in determining project overall sustainability, i.e.,
where the Adjusted Mean Value (AMV) xy means the adjusted mean value of item x as rated by stakeholder group y, Initial Mean Value (IMV) xy represents the initial mean value of item x as rated by stakeholder group y, and W y denotes the weighting of stakeholder group y obtained through Equations (1) and (2). 4. Results
The Stakeholder Groups of Major Public Projects and Their Level of Impact
During the first round of interviews, the expert panel confirmed that the sustainability objectives of major public projects, as identified through the literature review, were suitable and practicable with regard to the economic-social-environmental background of China and the Guangdong-Hong Kong-Macao Greater Bay Area in particular. The major stakeholders were identified as shown in Table 3 . Tables 4-6 summarize the possibility of influence (P) and degree (D) values of the various stakeholders, with the calculated comprehensive impact levels (CIL) and their weightings (W) shown in Table 7 . The rankings of the three most influential stakeholder groups in Guangdong province and Macao are the same-the local government department was the first, followed by the owners and operators-with slight differences regarding their respective comprehensive impact levels and weighting. A notable feature is that the impact level of the end-users was rated as 4.058 (the second highest) in Hong Kong. However, this stakeholder group had a rating of 3.076 in Guangdong province, which was next to last on the list.
Assessment of Various Sustainability Objectives from a Multi-Stakeholder Perspective
The evaluations of the various stakeholder groups from Guangdong province, Hong Kong, and Macao on the economic, social, and environmental sustainability objectives based on the initial mean values (IMV) and project overall sustainability are listed in Tables 7-9 respectively. The most important economic factor evaluated by the respondents in the three geographical areas is EC5 (value-for-money during the proposed project(s) lifecycle) by the government department and owners, with adjusted mean values of 0.960 and 0.964 for Guangdong province, 0.849 and 0.940 for Hong Kong, and 0.906 and 0.930 for Macao (Table 8) . In Guangdong province, the government department (ranked first) and owners (ranked second) are also the most positive groups promoting social sustainability ( Table 9 ). Of the various factors involved, SO2 (creation of a safe, convenient, comfortable, and legible pedestrian circulation and transport network) is considered the most important, and SO5 (unique local characteristics) the least important in Guangdong province. In Hong Kong and Macao, the group of owners play a key role during socially sustainable construction, and most attention is paid to SO9 (effective public participation). From the environmental perspective (Table 10) , the government department (in Guangdong province), end-users (in Hong Kong), and owners (in Macao) are the most concerned. The core issues are the prevention and mitigation measures against air, water, and noise pollution (in Guangdong province), and green design and construction (in Hong Kong and Macao).
Prioritization of Various Sustainability Objectives
The adjusted mean values (AMV) of the various sustainability objectives obtained from Equation (3) and listed in Tables 8-10 , are ranked between/within the various stakeholder groups in each region, as summarized in Table 11 .
From the economic and social perspectives, Macao ranks the highest of the three regions at 6.004 and 5.852 respectively, while Guangdong province is the highest (6.291) for the environmental sustainability objectives, followed by economic and social issues. The ranking in Hong Kong is different, with social sustainability being the most critical, and economic issues being the least critical. In Macao, more attention is paid to achieving economic sustainability during project delivery, with environmental concern receiving the least attention. 
Validation
In order to confirm the validity of the survey results, a series of semi-structured interviews were conducted, as detailed previously in Section 3. During the interviews, the interviewees were asked to assess the preliminary findings against different criteria, i.e., appropriateness, objectivity, practicality, and reliability, according to a scoring scale from one to five, where one represented "poor", and five represented "excellent". The assessments of the validation panel members showed that all of the criteria were rated above "4", indicating their overall satisfaction of the survey findings (Table 12) . Their comments that, "involving stakeholder impacts when prioritizing the sustainability objectives of major public projects is not only innovative, but also practical, as projects of this type emphasize public participation more", illustrate the point. The detailed ways of how the results were interpreted by the interviewees were also explored and reported in the following section. 
Discussion
All of the validation panel members considered it appropriate to divide the stakeholders into the eight groups in Table 3 . The highest ranked comprehensive impact levels coming from government department/owners in all three regions were taken to confirm that administrative instructions are currently more effective than market demands to achieve sustainable project delivery economically, socially, and environmentally. The panel found the relatively low influence level of end-users in Guangdong province to be unsurprising, since end-users are traditionally ignored in construction practice in mainland China. Despite this, an apparent call has been increasingly observed for the input of end-users to be recognized by mainland construction industry practitioners. After all, they are true agents in realizing the economic, social, and environmental sustainability objectives that are involved.
It is recommended for lessons on stakeholder participation to be learnt from Hong Kong so as to maximize the contribution of various relevant groups, especially the end-users.
The panel felt the prioritization of the various sustainability objectives in Guangdong province (with environmental concerns being the first, followed by economic and social concerns) should be viewed from both positive and negative perspectives. On the one hand, most practitioners (especially in government departments) of the construction industry in mainland China have shifted toward the notion that the overall industry must not be allowed to develop at the cost of the environment. Although ignoring environmental sustainability may speed up the development of the construction industry in the short run, this has been proven to be extremely naïve, as evidenced by the Yokkaichi asthma episode in Japan during the 1950s, for example. On the other hand, various so-called society-related sustainability objectives are still overlooked to some extent. Consequently, there have been such controversial cases as the construction of incineration plants in Guangdong, which was accompanied by vociferous local resistance. It was suggested that one way to cope with this, as learned from Hong Kong practice, is to increase participatory decision-making throughout the project lifecycle. This is especially important for public projects, since the core mission of delivering projects of this type ought to be to satisfy the community as much as possible. The amount of involvement of the public should be carefully designed to suit different project stages in order to optimize community input while not adversely influencing project progress. For Macao, it is seen as appropriate to place a greater emphasis on economic sustainable development given the status quo of the region. Simultaneously incorporating environmental and social concerns may be on the right track, even if it slows the pace of development.
Conclusions
Improving the sustainability of major public projects is crucial for the development of the global construction industry, with no exception to China and her Guangdong-Hong Kong-Macao Greater Bay Area specifically. However, it is rather difficult to satisfy all of the sustainability-related considerations during project delivery. Therefore, the prioritization of various sustainability objectives becomes the first step toward coping with such an issue. Through this, the efficiency and effectiveness of stakeholder participation are expected to improve, and the success rate of contemporary major public projects is expected to increase. As a result, this research targets the Guangdong-Hong Kong-Macao Greater Bay Area, and aims to rank various sustainability items from a multi-stakeholder perspective in the three regions. The interviews in this study identified the major stakeholder groups of public projects (i.e., government department, owners, designers, contractors, supervising engineers, operators, end-users, and non-governmental organizations), and their impact on project delivery. A questionnaire survey then assessed a list of 18 sustainability factors (compiled from a literature review) from the perspectives of the stakeholder groups in Guangdong, Hong Kong, and Macao. This led to the quantification of sustainability objectives in Guangdong province (environmental ranked higher than economic and social issues), Hong Kong (social followed by environmental and economic issues), and Macao (economic followed by social and environmental issues). The findings were then validated through a series of interviews, during which some suggestions for changes to the current approach to sustainable public project delivery in the Bay Area were proposed. These indicate the need for more consideration of social concerns in Guangdong province, the proper levels of public participation in Hong Kong (to avoid excessive interruptions to the pace of project procurement), and that Macao may have to experience a relatively slow development of construction in order to balance the social/environmental requirements that are involved.
Although the research is conducted based on the Bay Area in China, its findings as well as the methodology that was adopted are applicable worldwide, e.g., the 18 sustainability factors are consistent across the globe [32, 33] , even with slight changes in their priority levels due to contextual differences. Besides, incorporating the influencing levels of various stakeholder groups when quantifying sustainability objectives provides insights for policy makers/project initiators in different countries/regions to develop major public projects in a more sustainable manner. Future research needs to be directed at establishing a participatory evaluation model to assess the economic-social-environmental sustainability performance of major public projects. 
